Introduction
Early diagnosis and treatment can improve the prognosis of gastric cancers. Despite the progressive development of endoscopic modalities [1] , the early detection of superfi cial neoplasms during routine esophagogastro-duodenoscopy (EGD) remains diffi cult because there are few morphological changes that differentiate malignant from nonmalignant lesions. Moreover, although treatments such as endoscopic mucosal resection [2] or endoscopic submucosal dissection (ESD) [3] are widely performed for the local resection of EGCs in Japan, accurate diagnosis of tumor extent is sometimes diffi cult because EGCs occasionally have fl at or isochromatic tumor extensions. Chromoendoscopy can increase diagnostic yields in relation to the detection and delineation of fl at tumors, by the enhancement of morphological features [4] . However, this modality is not widely used in clinical practice because its deployment can result in substantial prolongation of routine endoscopic examinations. Consequently, easier and more effi cacious endoscopic modalities for diagnosing EGC are needed.
An autofl uorescence imaging videoendoscopy (AFI) system produces real-time pseudocolor images from the computed detection of autofl uorescence emitted by endogenous fl uorophores (collagen, nicotinamide, adenine dinucleotide, fl avin, and porphyrins) due to excitation by light. The system can identify lesions, including malignancies, by detecting differences in tissue fl uorescence properties, and can thus reveal earlystage cancers that are not detectable by conventional white-light endoscopy [2] .
In a previous study, when we investigated the diagnostic ability of an AFI system for early-stage cancers in the digestive tract, we discovered that tumors in the esophagus and the colon appeared purple in a green background [5] . However, the color pattern of EGCs in the AFI images varied among tumors. The factors associated with these color variations were not investigated at that time [5] . The aims of the present study were to evaluate the endoscopic appearance of EGCs in AFI images and to investigate the clinicopathological factors associated with different tumor colors.
Patients and methods

Study sample
Since September 2003, the data of patients who have visited our endoscopy unit at Osaka Medical Center for Cancer and Cardiovascular Diseases, and who have undergone AFI, have been recorded consecutively in a database that is maintained prospectively and regularly updated. The input clinicopathological data were compiled according to the Japanese classifi cation of gastric carcinoma protocol [6] . From this database, patients with EGC who presented between June 2004 and January 2006 were retrieved and their main tumors were included in the study. Patients with a history of gastrectomy were excluded. If a patient had multiple lesions, the largest one was selected for analysis. Approval from the Institutional Review Board at our medical center was obtained for this study.
A total of 127 consecutive patients with EGC who underwent AFI for pretherapeutic evaluation were identifi ed from the database. Seven patients with a history of gastrectomy and one patient who transferred to another hospital were excluded. Among the 119 EGC lesions in the 119 patients involved in the study, AFI images were insuffi cient for evaluation in 10 lesions, and 2 lesions could not be classifi ed. Therefore, a fi nal total of 107 lesions were analyzed in this study.
Endoscopic procedure
The AFI system used in this study consisted of a light source (CLV-260SL; Olympus Medical Systems, Tokyo, Japan), a processor (CV-260SL; Olympus), a video monitor, and a video endoscope (EVIS-FQ260Z; Olympus) that was equipped with two charged-coupled devices (CCDs) that were available with autofl uorescence and white-light modes. In the autofl uorescence mode, blue excitation light (395-475 nm) to induce autofl uorescence and green light (540-560 nm) to capture green refl ection images were sequentially emitted from the light source through a rotation fi lter. A cut fi lter that was placed with the lens was used to permit only light with wavelengths between 490 and 625 nm to intensify the CCD for the AFI mode [7] . All examinations were performed by a single endoscopist (N.U.) who had 4 years' experience with autofl uorescence endoscopy and 14 years' experience with conventional endoscopy.
Five minutes before the examination, patients ingested a mixture of a mucolytic agent, 20 000 U pronase (Pronase MS; Kaken Pharmaceutical, Tokyo, Japan), a defoaming agent, 80 mg dimethylpolysiloxane syrup (Gascon Drops; Kissei Pharmaceutical, Matsumoto, Japan), and 1 g sodium bicarbonate diluted in 100 ml of tap water. After the application of topical anesthesia, the endoscope was gently inserted into the stomach. First, the color of the background mucosa and tumors were evaluated under AFI observation, and at least four AFI images of each tumor were taken from various viewing angles. After that, the tumors were thoroughly investigated by conventional white-light endoscopy. This was followed by 0.04% indigo carmine chromoendoscopy. Images obtained from the whitelight endoscopy and chromoendoscopy were recorded. All images were digitally stored on an image server (Solemio Endo; Olympus).
Analysis of color patterns of EGC
Two endoscopists (M.K. and N.U.) reviewed the recorded AFI images, and the color patterns were classifi ed into the following four types on the basis of tumor and background color: (1) a purple tumor on a green background (P/G type); (2) a green tumor on a green background (G/G type); (3) a green tumor on a purple background (G/P type); and (4) a purple tumor on a purple background (P/P type). When a tumor was located on a background color border, the color which surrounded more than half of the circumference of the tumor was designated as a background color.
The association between tumor color in the AFI images and a range of clinicopathological factors was investigated. These factors included: tumor size (≤2 cm or >2 cm), location (upper, middle, or lower third), macroscopic type (elevated or depressed), histological type (differentiated or undifferentiated), and depth of invasion (mucosal or submucosal); the presence or absence of vessel invasion; and background AFI color. For the factors that had a signifi cant association on univariate analysis, multivariate analysis was performed to assess the strength and independence of the association. The macroscopic type of the tumor was determined under chromoendoscopic observation. Types 0I, 0IIa, and 0IIa+IIc were classifi ed as elevated type. Types 0IIc and 0IIc+IIa were classifi ed as depressed type. Type 0IIb (fl at) and type 0III (excavated) were not found in the present study sample.
Statistical analysis
Stat View version 5.0 (SAS Institute, Cary, NC, USA) was used for data analysis. The χ 2 test and Fisher's exact probability test, when appropriate, were used for univariate analysis of the association between tumor AFI color and clinicopathological factors. Logistic regression analysis was performed for multivariate analysis. A P value of less than 0.05 was considered to be statistically signifi cant.
Results
AFI color patterns of early gastric cancers
The characteristics of the EGCs are detailed in Table 1 . The distribution of the color patterns of the EGCs observed in AFI images is shown in Fig. 1 . The P/G-and G/P-type tumors could be easily identifi ed due to clear differences in color (Figs. 2 and 3) . For G/G type tumors, both the tumor and the background mucosa color were green. However, the tumors usually had a purple margin and could therefore be differentiated from the background mucosa (Fig. 4) . For both G/P-and G/G-type tumors, purple nodules were sometimes seen inside the green tumors. P/P-type tumors exhibited a color similar to that of the background mucosa and could only be recognized by their shape.
Factors associated with AFI tumor color
Univariate analysis showed that macroscopic type, histological type, the presence of ulceration, and background AFI color were signifi cantly associated with tumor color (Table 2 ). However, when multivariate analysis was used to further assess these factors, only macroscopic type was independently associated with tumor color (Table 3) .
Discussion
In the present study, we found that EGCs in AFI images could be classifi ed according to the tumor and background color, and that the factor most strongly associated with tumor color was the macroscopic type. In AFI images, almost all tumors with an elevated appearance (elevated type) were purple, while most of the tumors with a depressed appearance (depressed type) were green. Although endogenous fl uorophores exist in both the mucosa and the submucosa, collagen in the submucosa discharges a strong green autofl uorescence [8] . AFI images differ according to the autofl uorescence properties of the tissue, and the intensity of light, in particular, affects the AFI color. Areas with strong autofl uorescence appear bright green and areas with weak autofl uorescence appear purple or greenish- Histological type and background AFI color were two factors that were found to be signifi cantly associated with tumor color on univariate analysis. However, this association did not prove to be the case on multivariate analysis. We believe that there are a number of reasons for this. With regard to morphology, although differentiated-type EGCs have the appearance of both elevated-and depressed-type tumors, undifferentiatedtype EGCs are mostly of the depressed type [10] . As for the background color, the color of the gastric body mucosa is closely related to the grade of atrophic fundal gastritis [11] . The normal fundic mucosa looks purple, whereas abnormal mucosa with gastritis appears green. Our chromoendoscopic investigation showed that undifferentiated-type EGCs were likely to develop in the areas adjacent to, or sometimes inside, the normal fundic mucosa [12] , which appears purple in AFI images. The undifferentiated EGCs are likely to be of the depressed type and, therefore, look green. By contrast, differentiated-type EGCs that are often of the elevated type frequently look purple and develop in areas with atrophic fundal gastritis or in the pyloric mucosa [12] .
The pyloric mucosa appears green in AFI images.
In P/G-and G/P-type tumors, we found that the tumor profi le was well delineated in the AFI images. We compared the diagnostic ability of AFI, white-light endoscopy, and chromoendoscopy for the extent of the EGC lesions. It was found that the accuracy of AFI was not as good as that of chromoendoscopy, but that it was better than white-light endoscopy [5] . Mucosal thickening or edema caused by ulceration and scarring looked purple, mimicking the tumor color. In some cases, this led to the misdiagnosis of tumor extent. Consequently, AFI may not be suitable for the evaluation of lesions with ulceration or scars. We believe, therefore, that chromoendoscopy is still necessary for pretreatment examination, although AFI would be a useful adjunct in routine EGD, because it does not require a troublesome dye spraying procedure and is less time-consuming.
Our study had several limitations. Patients with EGC who were referred for endoscopic resection accounted for more than 80% of our study subjects. Therefore, our study may not refl ect the ECG profi le in the actual population. In other words, the majority of the ECGs evaluated in our study were small, elevated, and differentiated types of mucosal EGCs. To correct for such bias in the analysis of factors associated with tumor color, we performed multivariate analysis. This revealed that the strongest independent correlation was between tumor color and macroscopic type.
The incidence of the P/P-type tumor was relatively low as compared with that of the other types of EGC tumor. For tumor types where the tumor color and background color differed, such as was the case with the purple. Therefore, we speculate that the elevated-type tumor reduces autofl uorescence from the submucosa and thus appears purple in AFI images, and that most of the depressed-type tumors do not affect autofl uorescence intensity because they are thin and therefore appear green. In contrast to colon or esophageal tumors, most EGCs have been found to be of a depressed macroscopic type [9] . Therefore, their color would be green, which is uncommon in other regions of the digestive tract.
P/G and G/P types, the tumor was clearly delineated. However, for tumors that had a color similar to that of the background mucosa, it was sometimes diffi cult to identify them by their color. Although G/G-type tumors were frequently associated with a purple rim or central nodules, and were recognized by their color, P/P-type tumors were the most diffi cult to recognize. As a consequence, it is possible that some of these tumors were missed in the screening process using AFI.
In conclusion, the present study has enabled a clearer understanding of the signifi cance of tumor color in relation to the AFI imaging of EGCs. The color pattern of the EGCs was classifi ed into four types and their color appeared to be primarily associated with the macroscopic type of the tumor. Recognition of these color patterns should facilitate a clearer interpretation of endoscopic fi ndings in relation to AFI diagnosis.
